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Social interactionEvidence has accumulated that emotion recognition performance varies with menstrual cycle phase. However,
according to some empathy models, facial affect recognition constitutes only one component of empathic
behavior, besides emotional perspective taking and affective responsiveness. It remains unclear whether
menstrual cycle phase and thus estradiol and progesterone levels are also associated with the two other
empathy constructs.
Therefore, we investigated 40 healthy right-handed females, 20 during their follicular phase and 20 during
their midluteal phase and compared their performance in three tasks tapping the empathic components as
well as self-report data. Salivary hormone levels were obtained and correlated with performance parameters.
Subjects were matched for age and education and did not differ in neuropsychological function. Analysis of
empathy performance revealed a signiﬁcant effect of phase in emotion recognition, showing higher accuracy
in the follicular group. Regarding affective responsiveness, we observed a signiﬁcant difference in reaction
times, with faster responses for sad and angry stimuli in the midluteal group. No signiﬁcant group difference
emerged for emotional perspective taking. Furthermore, signiﬁcant correlations between progesterone levels
and emotion recognition accuracy and affective responsiveness emerged only in the luteal group. However,
groups did not differ in self-reported empathy.
Our results indicate that menstrual cycle phase and thus ovarian hormone concentration are differentially
related to empathic behavior, particularly emotion recognition and responsiveness to negative situations,
with progesterone covarying with both in the luteal phase.
© 2012 Elsevier Inc. Open access under CC BY-NC-ND license. Introduction
Behavioral evidence documents that sex hormone concentration
affects cognition, emotion and nonverbal behavior, thus a broad spec-
trum of human behavior, across the whole lifespan starting within the
ﬁrst trimester of pregnancy (for reviews see Boulware et al., 2011;
Hines, 2010; Vincent and Tracey, 2010). Concerning emotional abili-
ties in females, previous studies mostly focused on the impact of
menstrual cycle phase on facial emotion processing: Pearson and
Lewis (2005) reported a signiﬁcant positive association of estrogen
levels with fear recognition, with highest accuracy during the preovu-
latory phase when estrogen levels are high. Conway et al. (2007)
demonstrated that progesterone levels in healthy female subjects
are related to intensity ratings of disgusted and fearful but not
happy faces. Thus, the authors assume that elevated progesterone levels
are associated with increased sensitivity to facial cues carrying sources of
threat or contagion. Our preceding ﬁndings (Derntl et al., 2008a,b)
showed a signiﬁcant difference in emotion recognition performancechotherapy and Psychosomatics,
chen, Germany.
-ND license. across the menstrual cycle, with higher accuracy during the follicular
phase which was further supported by a signiﬁcant negative correlation
of progesterone levels with recognition accuracy. Notably, analysis of
error tendencies strongly corroborated results by Conway et al.
(2007) aswe observed statistically signiﬁcant higher recognition errors
for anger and disgust during the luteal phase, thus further supporting
the assumption that raised progesterone levels bias behavioral tenden-
cies towards threatening stimuli with the possible aim of protection
from any source of threat or danger (e.g., illness). Moreover, Guapo et
al. (2009) reported a signiﬁcant difference in the identiﬁcation of
anger and sadness between females at three different stages of the
menstrual cycle, again with better performance during the follicular
phase. Authors also observed a signiﬁcantly negative correlation be-
tween estrogen levels and recognition performance for angry male
faces, while no signiﬁcant association between progesterone and per-
formance was mentioned. Thus, previous research showed that perfor-
mance in facial affect recognition is modulated by menstrual cycle
phase. However, studies investigating a broader spectrum of emotional
abilities such as empathy are missing.
Empathy, the ability to infer and share another's internal emotion-
al states, is a multidimensional phenomenon. Due to the complexity
of the construct, empathy has various deﬁnitions (e.g., Preston and
Table 1
Demographic information showing mean values and standard deviation in parenthe-
ses. Groups differed signiﬁcantly in their progesterone and estradiol levels (p-values
in bold) as expected but had similar age and years of education.
Early follicular
n=20
Midluteal
n=17
p-Value
Age (years) 25.1 (3.3) 26.0 (3.3) .39
Education (years) 18.3 (2.2) 18.4 (1.7) .81
Estradiol (pg/ml) 2.6 (1.3) 3.7 (1.2) .02
Progesterone (pg/ml) 61.1 (17.9) 221.5 (109.9) b .001
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models differentiate between cognitive and affective empathy. Cogni-
tive empathy refers to the ability to understand the feelings of others.
It is very closely related to theory of mind (ToM), i.e. the ability to
represent and understand the mental states of others in general.
Mentalizing about affective states of others is also called affective
theory of mind—which is more or less synonymous with cognitive
empathy. Affective empathy refers to an affective response that is elic-
ited by the perceived, imagined, or inferred affective state of another
person, which has also been called affect sharing or affective respon-
siveness. In their comprehensive model, Decety and Jackson (2004)
postulate that at least three core components of empathy can be
derived: (1) recognition of emotions in oneself and others via facial
expressions, speech or behavior, (2) an affective component. i.e. the
ability to experience similar emotions as others while being conscious
that this is the simulation of the emotional feeling and it is not one's
own emotion (affective responsiveness), and (3) a cognitive compo-
nent, i.e. to take the perspective of another person, though the distinc-
tion between self and other remains intact (emotional perspective
taking).
As shown above several studies investigated emotion recognition
across the menstrual cycle and observed signiﬁcant group differences,
but no such study exists for emotional perspective taking or affective
responsiveness.
Hence, we examined whether menstrual cycle phase and sex
hormone levels (estradiol and progesterone) are associated with the
three core components of empathy by comparing females during
the early follicular phase with females during the midluteal phase of
their menstrual cycle. Our aim was to analyze whether menstrual
cycle phase is signiﬁcantly related to empathy performance, thus higher
order emotional abilities. According to previous results (Derntl et al.,
2008a,b; Guapo et al., 2009; Pearson and Lewis, 2005) we hypothesized
that females during their follicular phase show better emotion recogni-
tion performance due to a probably higher social sensitivity even in the
early follicular phase (Guapo et al., 2009; Macrae et al., 2002). More-
over, we expected a signiﬁcant menstrual phase group effect on the
other two components, again with better performance of females
during the follicular phase.
Materials and methods
Sample
Forty right-handed healthy females aged 19–34 years (mean age
25.3 years, SD=3.4) participated in the study. When contacted,
female participants were asked about their menstrual cycle phase
and cycle duration and were then assigned a testing date. Only
females who reported regular cycle duration (range: 25–35 days,
M=29.0, SD=1.8) were included. Twenty females were in their
early follicular phase (days 2–5 of menstrual cycle; low estradiol
and progesterone levels; FO), and the other 20 were in their midluteal
phase (days 18–25 of menstrual cycle; high estradiol and progester-
one levels, LU).
Participants were recruited by advertisements at the University of
Vienna and the Medical University of Vienna, Austria. The female par-
ticipants were screened for history of any psychiatric or mental disor-
der by using the German version of the structured interview of DSM
IV (SCID; Wittchen et al., 1997). Written informed consent was
obtained from all subjects prior to the examination.
Saliva samples
To obtain actual estradiol and progesterone levels saliva samples
were collected on the day of testing. Saliva samples have been
shown to have great potential for studying ovarian hormone levels
as a reliable, feasible and non-invasive method (e.g., Gandara et al.,2007). Due to the circadian secretion pattern of steroid hormones
all samples were collected between 10 am and 12 am. Furthermore,
to exclude external hormone inﬂuences only females without oral
contraceptives or any hormone treatment were included. Before
we started obtaining saliva samples we asked participants to wash
out their mouth with water. In order to obtain more representative
measures, we collected saliva samples for each hormone every half
hour, thus we collected three samples per hormone in total (multiple
sampling). For data analysis, the values were then averaged across
the three samples for each participant and these mean values were
used for further analyses. Participants were instructed to ﬁll a small
plastic vial with at least 1.5 ml saliva (max. 3 ml) using a straw to
stimulate saliva ﬂow. Participants' collection vials were sealed after
each collection and frozen immediately in accordance with previous
research on sample storage (see Gröschl, 2008).
Saliva samples were analyzed by the European Institute for Salivary
Analysis (Swiss Health Med, Aying, Germany) using an enzyme-linked
immunoassay method from DRG (DRG Marburg, Germany; Salivary
Estradiol ELISA SLV-4188 and DRG Salivary Progesterone ELISA
SLV-2931). Analytical sensitivities (conﬁdence interval 95%) were
0.4 pg/ml (Estradiol) and 3.9 pg/ml (Progesterone). For estradiol,
intra- and interassay coefﬁcients were 3.8% and 2.6% respectively. For
Progesterone, intra- and interassay coefﬁcients were 7.7% and 5.3%,
respectively.
For details on hormone concentration and sociodemographic data
see Table 1.
Material
Emotion recognition
We used the Vienna Emotion Recognition Task—Shortversion
(VERT-K) that consisted of 36 facial expressions of ﬁve basic emotions
(anger, disgust, fear, happiness, and sadness) as well as neutral
expressions taken from a validated stimulus set (Gur et al., 2002).
The instruction was to recognize the emotion depicted and a forced-
choice answering format with all emotions and neutral was listed
on the right side of the screen. The stimuli were balanced with respect
to gender, age, intensity, valence, and brightness. All actors were Cau-
casians and appeared only once. Facial expressions were presented
maximally for 5 s and manual response triggered the next stimulus.
Scores were calculated as the percent of items judged correctly and
reaction times were assessed. The emotion recognition task is
described in more detail elsewhere (Derntl et al., 2008a) and has
been used in several studies of our group (e.g., Derntl et al., 2008a,
2009, 2011; Seidel et al., 2010a,b).
Emotional perspective taking
Participants viewed 60 pictures each presented for 4 s depicting
scenes showing two Caucasians involved in social interaction thereby
portraying ﬁve basic emotions and neutral scenes (10 stimuli per
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asked to infer the corresponding emotional expression of the masked
face that would ﬁt the emotional situation. Responses were made by
selecting between two different emotional facial expressions or a
neutral expression presented after each scene. Facial alternatives
were taken from the same stimulus set described above. One option
was correct and the other was selected at random from all other
choices. Again, scores were calculated as percent of items judged cor-
rectly and reaction times were assessed.
Affective responsiveness
We presented 150 short written sentences describing real-life sit-
uations, which induced basic emotions (the same emotions as
described above), and situations that were emotionally neutral (25
stimuli per condition). Participants were asked to imagine how they
would feel if they were experiencing those situations. Stimuli were
presented for 4 s and response format was the same as for emotional
perspective taking. Response format was kept maximally similar
across tasks allowing comparisons between tasks, i.e. differences
could be traced back to different task requirements not to different
response formats. Similar to both other tasks, percent correct and
reaction times were calculated and used for data analysis.
Prior to the study, the stimuli of the emotional perspective taking
and the affective responsiveness tasks were rated by 30 healthy
adults and only those stimuli correctly identiﬁed by over 70% of the
sample were included in the main study. Additionally, the emotional
perspective taking and affective responsiveness tasks have been used
in clinical studies (e.g., Derntl et al., 2009; Seidel et al., 2010a,b) and
neuroimaging studies (Derntl et al., 2010, 2012).
To control for order effects, the tasks were presented in count-
erbalanced order. Regarding behavioral performance, no gender differ-
ences for the three tasks were observed in our previous studies.
Empathy questionnaires and neurocognitive tests
Three questionnaires measuring cognitive and affective empa-
thy were administered: the Questionnaire Measure of Emotional
Empathy (QMEE, Mehrabian and Epstein, 1972), the German
Questionnaire for Assessment of Empathy, Prosociality and
Aggression (FEPAA, Lukesch, 2006) and the German version of
the Interpersonal Reactivity Index (IRI, Davis, 1983; German
version: Saarbrückener Persönlichkeitsfragebogen, SPF, Paulus,
2009). In a previous study on gender differences in empathic abil-
ities, we observed a signiﬁcant effect for the SPF only, with females
describing themselves as more empathic than males (Derntl et al.,
2010), thereby supporting existing literature (e.g., Rueckert and
Naybar, 2008). However, for both other self-report measures
(QMEE, FEPAA), no signiﬁcant gender difference emerged.
Moreover, to assess neuropsychological functioning, all partici-
pants completed tests tapping crystallized verbal intelligence
(Mehrfachwahl-Wortschatz-Test, MWT-B, Lehrl, 1996) and executive
functions (Trail-Making-Test, TMT-A/-B, Reitan, 1956).
Data analysis
Statistical analyses were performed using SPSS 17.0 and level of sig-
niﬁcance was set at p=.05. Mean percent correct and reaction times
were analyzed for each empathy task using repeated-measures
ANOVAs with emotion as within-subject factor and group (FO vs. LU)
as between-subject factors. For signiﬁcant effects partial-eta squares
are listed as estimates of effect size. In cases of violations of sphericity,
statistical tests involving the emotion factor employed Greenhouse–
Geisser correction. All post hoc results were Bonferroni corrected.
Group differences in the empathy questionnaires and the
neurocognitive tests were assessed using two sample t-tests. Forsigniﬁcant differences Cohen's d are listed as estimates of effect
size.
Pearson correlations (two-tailed) between accuracy measures of
the empathy paradigms and self-report measures (SPF empathy
score, FEPAA empathy score, and QMEE) were computed.
Since progesterone levels were not normally distributed as tested
with the Kolmogorov–Smirnov test (FO group: p=.04, LU group: p=
.32), we transformed the values taking the square root, which is an
adequate tool to apply to right skewed data (Bortz, 1999). The
transformed progesterone values then were normally distributed
(FO group: p=.24, LU group: p=.50) and thus were entered into
further analyses. Pearson correlations (two-tailed) were calculated to
investigate the association of female sex hormone levels with empathic
performance and self-reportmeasures for each group separately. To ad-
just for signiﬁcant inter-hormonal correlations additional partial corre-
lationswere calculated, controlling for estradiol/progesterone inﬂuence
on the correlations between performance and hormone levels, respec-
tively. Moreover, estradiol/progesterone ratio was calculated and en-
tered in the correlation analyses.
Results
Three females during their luteal phase were excluded since their
progesterone and estradiol levels were out of range for luteal phase.
Hence, ﬁnal analysis was performed for 20 follicular and 17 luteal
females.
Females of the two groups (FO vs. LU) did not differ in their age
(t(35)=−0.87, p=.39), and education (t(35)=−0.25, p=.808),
nor in the duration of their menses (t(35)=1.04, p=.31). However,
FO and LU differed in their estradiol (t(35)=−2.36, p=.02) and
progesterone levels (t(35)=−6.72, pb .001), with higher values in
the LU group, thus indicating that their hormonal proﬁles differed
signiﬁcantly.
Empathy tasks
Emotion recognition
For accuracy, the repeated measures ANOVA revealed a signiﬁcant
emotion effect (F(3.80,133.11)=12.73, pb .001, part eta sq=.27) and
a signiﬁcant group effect (F(1,35)=4.33, p=.04, part-eta sq=.11),
with higher accuracy in the FO group. However, no signiﬁcant
emotion-by-group interaction (F(3.80,133.11)=1.68, p=.16) oc-
curred. Post hoc analysis of the signiﬁcant emotion effect indicated
that happy expressions were recognized signiﬁcantly better than
sad, disgust, and fear (all pb .001), and neutral expressions (p=.02)
but no difference emerged to angry faces (p=.08).
For reaction times, analysis revealed a signiﬁcant emotion effect
(F(2.11,69.72)=10.09, pb .001, partial eta sq.=.23), but no signiﬁcant
group effect (F(1,35)=1.02, p=.32) and no signiﬁcant emotion-by-
group interaction (F(2.11,69.72)=0.53, p=.60). Post hoc analysis of
the signiﬁcant emotion effect demonstrated fastest reaction times for
happy faces (happy vs. sad: p=.01, happy vs. anger: p=.002, happy
vs. fear/disgust: pb .001; happy vs. neutral: p=.04) followed by neu-
tral, anger, disgust, sadness, and fear.
Emotional perspective taking
Analysis of accuracy revealed a signiﬁcant emotion effect (F(3.74,
131.09)=23.24, pb .001, part-eta sq=.40), but no signiﬁcant group
effect (F(1,35)=2.11, p=.16), nor a signiﬁcant emotion-by-group
interaction (F(3.74, 131.09)=0.47, p=.75). Post hoc analysis of the
signiﬁcant emotion effect showed highest accuracy for happy condi-
tions (happy vs. disgust/sad/anger/fear: pb .001; happy vs. neutral:
p=.01) followed by neutral, sadness, anger, disgust and fear
conditions.
Analysis of reaction times revealed a signiﬁcant emotion effect
(F(5,175)=20.05, pb .001, partial eta sq.=.36), no group effect
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tion (F(5,175)=0.98, p=.43). Post hoc analysis of the signiﬁcant emo-
tion effect yielded fastest times for happy conditions (happy vs. anger/
disgust/fear/neutral/sad: pb .001) followed by neutral, anger, sadness,
disgust, and fear conditions.Affective responsiveness
For accuracy, repeated measures analysis demonstrated a signiﬁ-
cant emotion effect (F(3.55, 124.14)=35.23, pb .001, part-eta sq=
.50), but no signiﬁcant group effect (F(1,35)=0.28, p=.60) and no
signiﬁcant emotion-by-group interaction (F(3.55, 124.14)=0.76, p=
.54). Post hoc analysis of the signiﬁcant emotion effect demonstrated
best performance again for happy conditions (happy vs. anger/disgust/
fear/sad: pb .001; happy vs. neutral: p=.01), followed by neutral, fear,
disgust, sadness, and anger conditions.
Analysis of reaction times showed a signiﬁcant emotion effect
(F(3.66,128.08)=30.30, pb .001, partial eta sq.=.46), no signiﬁcant
group effect (F(1,35)=2.58, p=.12), but a signiﬁcant emotion-by-
group interaction (F(3.66,128.08)=7.94, pb .001, partial eta sq.=
.19). Post hoc analysis of the signiﬁcant emotion effect yielded fastest
times for happy conditions (happy vs. anger/disgust/fear/sad:
pb .001; happy vs. neutral: p=.02) followed by neutral, sadness,
disgust, fear, and anger. Disentangling the signiﬁcant emotion-by-
group interaction, post hoc analyses revealed signiﬁcant group differ-
ences for reaction times to sad (p=.01) and angry stimuli (p=.01),
always showing faster responses in females during the luteal phase,
while no group differences emerged for the other comparisons
(fear: p=.06, disgust: p=.53, happy: p=.68; neutral: p=.67).
Fig. 1 illustrates performance parameters (accuracy and reaction
times) for the three empathy tasks for both groups and Table 2 lists
means and p-values of the various ANOVAs (for the main effect of
phase).Fig. 1. Recognition accuracy (a) and reaction times (b) with standard error of mean for the
n=17 females, LU). Data analysis yielded a signiﬁcant group effect for emotion recognition
licular phase marked with an asterisk. Moreover, analysis of reaction times for affective re
angry stimuli (p=.02).Empathy questionnaires and neurocognitive tests
Regarding the self-report measures of empathy, analysis of group ef-
fects revealed no differences for any of the self-report measures (QMEE:
t(35)=1.16, p=.26; SPF (fantasy: t(35)=0.66, p=.51; perspective
taking: t(35)=0.30, p=.77; empathic concern: t(35)=−1.24, p=
.22; personal distress: t(35)=−0.11, p=.91; empathy: t(35)=−0.74,
p=.46); FEPAA: t(35)=−0.23, p=.82).
Moreover, regarding neurocognitive performance, groups did not
differ in verbal crystallized intelligence (t(35)=0.32, p=.75), nor in ex-
ecutive functions (TMT-A, t(35)=0.70, p=.49; TMT-B, t(35)=−0.96,
p=.34).
Mean values of the questionnaire data and neurocognitive tests
are given in Table 3.Correlation analyses
Results of the correlation analyses between hormone levels and
performance in empathy tasks (total percent correct and mean reac-
tion times) are listed in Table 4. Correlation analyses for FO revealed
no signiﬁcant association between hormone levels (estradiol or
progesterone) and behavioral performance (all p>.13). For LU, a sig-
niﬁcant negative correlation between progesterone levels and emo-
tion recognition accuracy (r=−0.51, p=.04) and a signiﬁcant
positive correlation between progesterone levels and affective re-
sponsiveness accuracy (r=0.49, p=.05) emerged.
As estradiol and progesterone concentrations are often correlated,
we conducted additional partial correlations to control for estradiol
inﬂuence on the signiﬁcant progesterone correlations in the LU
group. For emotion recognition, partial correlation with progesterone
and emotion recognition performance controlling for estradiol revealed
a marginally signiﬁcant association (r=−0.49, p=.05), while theseparate empathy tasks for both groups (early follicular: n=20 females, FO; midluteal:
accuracy (p=0.01), revealing better performance of the females during their early fol-
sponsiveness revealed signiﬁcantly faster responses of LU group for sad (p=.02) and
Table 2
Mean values for accuracy (% correct) and reaction times (in seconds) of the three
empathy paradigms for each group and p-values as indicated by the repeated measures
ANOVA (main effect group). Groups only differed in emotion recognition accuracy
(marked with bold p-value).
Early follicular
n=20
Midluteal
n=17
p-value
Emotion recognition (%) 84.9% (6.5) 79.2% (3.9) .04
Emotion recognition (rt) 3.4 s (0.8) 3.5 s (0.7) .32
Emotional perspective taking (%) 88.2% (4.5) 85.4% (7.1) .16
Emotional perspective taking (rt) 1.3 s (0.2) 1.2 s (0.2) .16
Affective responsiveness (%) 90.7% (3.9) 91.2% (2.6) .60
Affective responsiveness (rt) 1.0 s (0.2) 1.0 s (0.1) .12
Table 3
Neurocognitive and self-report data showing mean values and standard deviation in
parentheses. Groups showed similar neurocognitive performance and similar self-
reports in empathy questionnaires.
Early follicular
n=20
Midluteal
n=17
p-Value
MWT-B (raw score) 28.2 (3.6) 27.7 (3.1) .75
TMT-A (s) 19.3 (5.6) 18.2 (5.9) .49
TMT-B (s) 34.8 (7.8) 38.3 (14.3) .34
SPF empathy 46.0 (6.3) 47.5 (5.7) .46
SPF fantasy 15.6 (3.4) 15.2 (2.8) .91
SPF distress 10.8 (3.1) 9.9 (2.3) .32
SPF perspective taking 15.4 (2.6) 15.8 (2.9) .68
SPF empathic concern 15.3 (2.4) 16.4 (2.2) .12
QMEE 16.6 (4.2) 15.2 (2.7) .26
FEPAA empathy 21.7 (3.4) 21.9 (2.6) .82
Note: MWT-B=Mehrfachwahl-Wortschatz-Test-B measures verbal intelligence, TMT-A =
Trail-Making-Test A measures information processing speed, and TMT-B =
Trail-Making-Test B measures cognitive ﬂexibility; SPF = Saarbrückener
Persönlichkeitsfragebogen (German version of the Interpersonal Reactivity Index),
QMEE = Questionnaire Measure for Emotional Empathy; FEPAA = German Ques-
tionnaire for Assessment of Empathy, Prosociality and Aggression.
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for estradiol) remained similar (r=0.50, p=.05).
However, additional corollary analyses with the estradiol/
progesterone ratio and performance parameters (% correct and
reaction times for the three tasks) revealed no signiﬁcant associa-
tion between performance and hormone data neither for FO (all
p> .13) nor for LU (p=.18).
The signiﬁcant correlations are depicted in Fig. 2.
Correlation analyses between self-report measures and task per-
formance showed a signiﬁcant positive association between emotion
recognition accuracy and QMEE scores (r=0.38, p=.02), while no
other correlation reached signiﬁcance (all p>.11).Table 4
Results of the correlational analyses (two-tailed) between hormone concentration (estradio
(% correct and reaction time, rt) for the three empathy tasks separately for each group (FO
ER % EPT %
Estradiol FO r=0.17,
p=.48
r=0.24,
p=.31
LU r=−0.30,
p=.24
r=−0.36,
p=.15
Progesterone FO r=−0.33,
p=.16
r=0.19,
p=.36
LU r=−0.51,
p=.04
r=−0.29,
p=.27
E:P ratio FO r=0.26,
p=.27
r=0.01,
p=.96
LU r=−0.08,
p=.76
r=−0.32,
p=.21
Note: ER = emotion recognition, EPT = emotional perspective taking, AR = affective respoDiscussion
In this study we demonstrated a signiﬁcant association of menstrual
cycle phase and ovarian hormone levels with speciﬁc components of
empathic behavior. More precisely, we observed signiﬁcantly higher
emotion recognition accuracy in females during their early follicular
phase (FO group) compared to females during the midluteal phase (LU
group), thereby supporting previous results (Derntl et al., 2008a,b) and
partly in accordance with existing literature (Guapo et al., 2009;
Pearson and Lewis, 2005). Regarding reaction times, data analysis
revealed that females in the LU group showed faster responses than
the other group in affective responsiveness to negative stimuli, speciﬁ-
cally sad and angry situations. Notably, emotion recognition perfor-
mance showed a signiﬁcant negative correlation with progesterone
levels, indicating better performance during phases of lower progester-
one levels, however only in the LU group. Also in the LU group, proges-
terone levels were positively associated with accuracy in the affective
responsiveness task, pointing to better performance with higher proges-
terone levels. Against our expectations, we did not observe any group
difference for emotional perspective taking or self-report empathy.
Taken together, these results suggest a variation in emotion recog-
nition accuracy across the menstrual cycle but only a weaker or even
no association with the two other empathy components.
Besides the reported results for empathic abilities, females only
differed in their estradiol and progesterone levels, but showed similar
neuropsychological performance and demographic variables.
Pearson and Lewis (2005) demonstrated that the ability to
correctly recognize fearful faces varies across the menstrual cycle: fe-
males during the preovulatory phase (highest estrogen level) showed
the highest accuracy for fear. In contrast, Guapo et al. (2009) ob-
served signiﬁcantly higher recognition accuracy for sad and angry
faces in early follicular females compared to midluteal females;
females during the ovulatory phase demonstrated better fear recogni-
tion than males. Moreover, a signiﬁcant association of estrogen levels
with anger recognition, particularly male anger recognition, emerged.
Hence, our results only partly support previous ﬁndings and differ-
ences might be due to several methodological issues: 1) Pearson
and Lewis (2005) only indirectly inferred hormone levels via cycle
phase without obtaining hormone samples, thus only a rough estima-
tion of a hormone association was possible, 2) while we and Guapo et
al. (2009) compared females during the early follicular phase and
midluteal phase, Pearson and Lewis measured females during various
stages of the menstrual cycle (menstruation, pre-ovulation, ovulation,
and luteal), thus hormonal proﬁles of the follicular groups are different,
3) similar to our study, Pearson and Lewis aswell as Guapo et al. (2009)
relied on an explicit emotion recognition paradigm, however, both
studies included surprised faces instead of neutral expressions as
presented in our study, and 4) Guapo and colleagues presented facesl, transformed progesterone, estradiol:progesterone ratio) and performance parameters
= follicular group; LU = luteal group). Signiﬁcant correlations are marked in bold.
AR % ER rt EPT rt AR rt
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r=−0.27,
p=.25
r=−0.33,
p=.18
r=−0.20,
p=.44
r=0.07,
p=.79
r=0.12,
p=.65
nsiveness.
Fig. 2. Correlation analyses revealed signiﬁcant results for the LU group only: (a) for emotion recognition, a signiﬁcant negative association between transformed progesterone
levels (pg/mL) and accuracy (r=−0.51, p=.04) occurred. (b) A marginally signiﬁcant positive correlation between transformed progesterone levels and accuracy in affective
responsiveness (r=0.49, p=.05) emerged.
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to 100%), however, in the end only a total correct score was used for
analysis, thus it remains unclear how intensity levels inﬂuenced results.
It seems noteworthy that we were able to replicate previous ﬁnd-
ings from our group, where we also showed better emotion recogni-
tion performance in females during the follicular phase compared to
the luteal phase for the third time (Derntl et al., 2008a,b), in a new
and independent female sample. However, we were not able to repli-
cate the signiﬁcant correlation of progesterone levels with recogni-
tion accuracy in both menstrual cycle groups. Nevertheless, taken
our results and those from previous studies, variations in recognition
accuracy across the menstrual cycle seem to be a reliable effect,
though the underlying causality is less clear.
Results from Macrae et al. (2002) point out that females are more
interested in social signals and interactions during the follicular phase
when they are fertile and in better mood than during the luteal phase.
Accordingly, they might also tend to exert more attention on emo-
tional expressions as a basis for more successful interaction and gen-
erally higher social competence which might already be observable in
the ﬁrst days of the follicular phase as suggested by our results and
results from Guapo et al. (2009). Moreover, in a prior fMRI study
(Derntl et al., 2008b), we showed that amygdala activation varies
according to the menstrual cycle phase, with stronger activation dur-
ing emotion recognition in the follicular phase. Hence, besides differ-
ences in social interaction and mood states, differences in the neural
correlates might also underlie this ﬁnding.Regarding affective responsiveness, we did not observe any group
differences for accuracy. However, we noted a signiﬁcant difference
for reaction times, with faster responses to angry and sad stimuli in
the LU group compared to the FO group. Hence, despite similar accura-
cy, females during the second half of the menstrual cycle demonstrate
faster responsiveness and reactivity to certain emotionally negative
stimuli. In our affective responsiveness task we asked females to put
themselves in a certain situation and then tell us how they would
feel. Hence, this is the only self-centered emotional task in our study.
Thus, our ﬁndings may support results showing that females during
the luteal phase are more reactive to social stress (Kirschbaum et al.,
1999) and experience more intrusive recollections about negative
events than females during the follicular phase (Ferree and Cahill,
2009). Moreover, studies of daily moods reported higher negative
moods and depression scores during the luteal phase compared to
the follicular phase (Allen et al., 2009; Reed et al., 2008) which might
trigger a mood-congruent bias as seen in females suffering from pre-
menstrual dysphoric disorder (PMDD, Rubinow et al., 2007) or more
frequently reported in depressed patients (for review see Bourke et
al., 2010) and in subjects at high-risk for depression (Watters and
Williams, 2011). However, we did not observe any difference in accu-
racy nor a general facilitation effect or mood-congruent bias in emotion
processing irrespective of the task requirements, i.e. better recognition
of or faster reaction times to angry/sad faces in the other tasks. Hence,
we speculate that this faster responsiveness in the LU group might be
emotion-dependent and speciﬁc to self-centered tasks where females
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despite unaffected reaction times in both other empathy tasks and
neuropsychological tests (e.g. TMT), females of the FO group might
struggle with a ﬁner distinction between internal emotional states,
reﬂected in the slower responses to sad and angry stimuli in the affec-
tive responsiveness task. Thus, while females during the ﬁrst half of
their menstrual cycle are very sensitive to external emotional cues they
might show some difﬁculties in differentiating speciﬁc internal emotions.
To further evaluate these hypotheses, data from larger samples at
various stages of the menstrual cycle are needed. Moreover, answer-
ing formats presenting all emotions simultaneously would be favor-
able, enabling a thorough error analysis and thereby may help to
shed light on the underlying processes.
For emotional perspective taking, we did not observe any differ-
ence across the menstrual cycle phase nor any correlation with
hormone concentration and performance parameters (% correct and
reaction times). While previous studies addressed the impact of
testosterone or oxytocin administration on cognitive empathy, more
speciﬁcally the ability to infer emotional states from the eye region
(testosterone: Van Honk et al., 2011; oxytocin: Domes et al., 2007)
or measured (neural) responses of synchronous vs. intrusive mothers
(Atzil et al., 2011), this is the ﬁrst study exploring the association of
estradiol and progesterone concentration with emotional perspective
taking. Although we expected better performance of females during
the ﬁrst half of the menstrual cycle due to their suggested higher
sensitivity for social signals, emotional perspective taking does not
seem to be associated with menstrual cycle phase or hormone con-
centration to the same extent as e.g., emotion recognition. This lack
of a signiﬁcant hormonal association with perspective taking might
be due to several reasons 1) we used a simple task design, particularly
the response format with only two choices given might not be sensi-
tive enough to detect differences, 2) we did not investigate females
during their periovulatory phase where they are most fertile and
most interested in social signals (cf. Macrae et al., 2002), thus
preventing us to thoroughly investigate the impact of menstrual
cycle phase on and the association of estradiol (unopposed by proges-
terone) with this competency.
Notably, comparable to previous ﬁndings from our lab (Derntl et
al., 2008a,b) we did not see a signiﬁcant association of estrogen levels
with performance in empathy related tasks but instead our results
again show a signiﬁcant correlation of progesterone with empathic
competencies, i.e. facial affect recognition and affective responsive-
ness, however only in the LU group. Accordingly, Conway et al.
(2007) showed that females during their luteal phase with raised
progesterone levels judged fearful and disgusted faces with averted
gaze as more intense than expressions with direct gaze, indicating
that progesterone levels maymodulate emotional behavior. It has fre-
quently been reported that mood is more negative during the luteal
phase and we speculate that high progesterone levels might be linked
to a reduced sensitivity to certain social signals coming from others,
such as emotional expressions, whereas mood-congruent or distress
oriented stimuli concerning the self elicit increased responsivity
(Kirschbaum et al., 1999).
Regarding the inﬂuence of progesterone on neural activation dur-
ing emotion processing, van Wingen et al. (2008) showed that a
single dose of progesterone during the early follicular phase led to
an increase in amygdala reactivity to threatening faces. Furthermore,
in the same study authors report that progesterone increased func-
tional coupling of the amygdala with the medial prefrontal cortex
(mPFC), indicating that progesterone inﬂuences the communication
between the amygdala and mPFC, hence, two key regions regarding
emotion processing and empathy. However for emotional memory,
decreased amygdala activity during the memorization of happy and
neutral faces after a single dose of progesterone was observed (van
Wingen et al., 2007). Moreover, Derntl et al. (2008b) report decreased
amygdala activation during emotion recognition in females duringthe luteal phase compared to the follicular phase. Taken together
these data suggest that the inﬂuence of progesterone on amygdala
reactivity is task- and probably dose-dependent (for review see van
Wingen et al., 2011). Multiple studies indicate that progesterone
and the progesterone derivative allopregnanolone have signiﬁcant
modulatory effects upon neurotransmitter systems involved in the
regulation of affect and behavior such as serotonin and noradrenalin
(e.g. Bethea et al., 1998; Epperson et al., 1999). Interestingly regard-
ing negative mood, allopregnanolone seems to exert a paradoxical
effect mediated via the GABA-A receptor probably causing higher ex-
citability of some brain regions (e.g., Bäckström et al., 2011). Since we
did not assess neural activation or experimentally administer proges-
terone, we can only speculate about the underlying associations. Fu-
ture neuroimaging studies that explore how progesterone affects
the neural correlates of a broader spectrum of social–emotional abil-
ities are mandatory to further highlight the impact of menstrual cycle
phase and sex hormone concentration on the neural basis of emotion-
al behavior.
While this study provides new insight into the relation of menstrual
cycle phase and thus ovarian hormones with emotional competencies,
i.e. empathic behavior, several methodological constraints have to be
considered: besides the small sample we did not examine empathic
abilities in a longitudinal approach investigating females at various
stages during the menstrual cycle to analyze intra-individual differ-
ences. However, groups are well matched for various neuropsycholog-
ical parameters and were carefully screened as well as selected, hence
we are convinced that the results presented in this manuscript are rep-
resentative. Future studies exploring behavioral and neural correlates
of empathic abilities and emotional competencies should include
females during the periovulatory phase where conception risk is high
to better characterize any association of cycle phase and ovarian hor-
mones with emotional behavior.
We did not examine women using hormone contraceptives, since
this external hormone intake might alter emotion processing. How-
ever, investigating the effect and alterations of oral contraceptives
on neural activation and emotional performance would be of high in-
terest, as the number of females taking oral contraceptives is steadily
rising and short- as well as long-term effects on neural activation and
performance are still unclear (Kurshan and Neill Epperson, 2006).
Recently, Pletzer et al. (2010) reported a signiﬁcant correlation of
the volume of the parahippocampal gyrus with duration of oral con-
traceptive intake. Hence, investigating the effect and alterations of
oral contraceptives on cognitive and social–emotional competencies
as well as the underlying neural correlates is of high interest.
Due to the fact that we only investigated females, interaction of
gender and hormone levels and their association with empathic
behavior were not examined. However, investigation of hormonal in-
ﬂuences has important implications for the understanding of gender-
speciﬁc emotional functioning, thus probably helps to further charac-
terize previously reported gender differences in the neural correlates
of empathic abilities (e.g., Derntl et al., 2010; Li et al., 2008;
Schulte-Rüther et al., 2008).
Conclusions
We conclude that menstrual cycle phase and progesterone con-
centration are only associated with speciﬁc components of empathy
and not a broader spectrum of emotional competencies. Despite
signiﬁcantly reduced emotion recognition accuracy, we observed no
group difference for perspective taking but faster affective respon-
siveness to negative stimuli, i.e. angry and sad situations, during the
luteal phase. Moreover, emotion recognition accuracy correlated
with progesterone levels in the LU group, indicating better perfor-
mance in females with lower progesterone levels. And, progesterone
levels were also positively associated with affective responsiveness,
suggesting better performance with higher progesterone levels in
104 B. Derntl et al. / Hormones and Behavior 63 (2013) 97–104the LU group. Thus, our ﬁndings suggest the possibility that elevated
progesterone levels facilitate responsivity to distressing situations
concerning the self i.e. internal emotions, while inhibiting facial affect
recognition, thus emotional expressions from others i.e. external
emotions. Summarizing, our data underline that emotion recognition
performance is better during the ﬁrst phase of the menstrual cycle
and females during the luteal phase may be faster in responsiveness
to negative emotions, but no group difference was observed for emo-
tional perspective taking.
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